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,Q RUGHU WR DYRLG WKHPHFKDQLFDO FROODSVH RIZHOOV LQ RLO ILHOGV WKH XVH RI VWHHO FDVLQJ KDV EHHQ D FRPPRQ
WHFKQLTXHWKURXJKRXWWKHODVWGHFDGHV+RZHYHUWKHFDVLQJRIDZHOOZLWKDVWHHOSLSHKDVVRPHXQGHVLUHGHIIHFWV
)RU LQVWDQFH WKH DVVHVVPHQW RI HOHFWULFDO SURSHUWLHV RI WKH URFN IRUPDWLRQ EHFRPHV PRUH FKDOOHQJLQJ VLQFH WKH
FDVLQJKLJKO\ DWWHQXDWHV WKH HOHFWURPDJQHWLF ILHOGV >@$V DPDWWHU RI IDFW LWZDVQRW XQWLO WKH ODVW GHFDGH
ZKHQ LWZDVSRVVLEOH IRU WKHILUVW WLPH WRREWDLQPHDQLQJIXOGDWD IURPHOHFWURPDJQHWLF ORJJLQJPHDVXUHPHQWV$V
WKLV GDWD EHFRPHV DYDLODEOH WKHUH LV DQ LQFUHDVLQJ QHHG WR SHUIRUP FRPSXWHUDLGHG VLPXODWLRQV RI UHVLVWLYLW\
PHDVXUHPHQWVWKURXJKFDVLQJWRDVVHVVVXEVXUIDFHURFNIRUPDWLRQSURSHUWLHV
7KH PDLQ FKDOOHQJH IRU VLPXODWLQJ WKURXJK FDVLQJ PHDVXUHPHQWV LV GXH WR WKH ODUJH FRQGXFWLYLW\ FRQWUDVW
EHWZHHQ WKH URFN IRUPDWLRQDQG WKHFDVLQJZKLFK UHTXLUHV WKHXVHRI ODUJHFRPSXWDWLRQDOGRPDLQV DQGDFFXUDWH
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WKHUHLQZHUHLQVXIILFLHQWWRDFFXUDWHO\VROYHWKHQHHGHGFRQWUDVWRQFRQGXFWLYLW\SURGXFHGE\WKHSUHVHQFHRIVWHHO
FDVLQJVXUURXQGLQJWKHZHOO





2I VSHFLDO LQWHUHVW WR WKH RLO LQGXVWU\ DUH VLPXODWLRQV REWDLQHG IURP GHYLDWHG VWHHOFDVHG ZHOOV ZKHQ WKH
ERUHKROH LVQRWSHUSHQGLFXODU WR WKHURFN IRUPDWLRQ OD\HUV7KHDVVXPHGGDWDDFTXLVLWLRQFRQILJXUDWLRQFRQVLGHUV
RQHFXUUHQWHPLWWHUDQGWKUHHYROWDJHFROOHFWRUHOHFWURGHVWKDWDUHXWLOL]HGWRPHDVXUHWKHVHFRQGGLIIHUHQFHRIWKH
HOHFWULFSRWHQWLDODORQJWKHZHOOWUDMHFWRU\
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6WURQJIRUPXODWLRQ






















V LQ:  
ZKHUH - GHQRWHVDSUHVFULEHGLPSUHVVHGFXUUHQWVRXUFHV LVWKHFRQGXFWLYLW\DQGWKHHOHFWURVWDWLFVFDODUSRWHQWLDO
X LVUHODWHGWRWKHHOHFWULFILHOG ( E\
X(    
7KHERXQGDU\FRQGLWLRQVDUHGHILQHGDV






wV RQ 1*   
ZKHUHJLVWKHSUHVFULEHGIOX[RQ 1* ZLWKQEHLQJWKHXQLWQRUPDORXWZDUGWR :w YHFWRU7KH'LULFKOHWERXQGDU\
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2XU VLPXODWLRQ REMHFWLYH LV WR VWXG\ WKH UHVSRQVH DW WKH UHFHLYHUV RU PRUH SUHFLVHO\ WKH VHFRQG GLIIHUHQFH RI
SRWHQWLDO IRU WKH ORJJLQJPHDVXUHPHQWGHVFULEHG LQ )LJXUHZKHQ FRQVLGHULQJGLIIHUHQW HOHFWURGH FRQILJXUDWLRQV
VHH)LJXUHDQGGLSDQJOHVZKLFKLVWKHDQJOHRILQFLGHQFHEHWZHHQWKHZHOODQGWKHIRUPDWLRQOD\HUV









7KH H[HPSODU\ FRPSXWDWLRQDO KSPHVKHV JHQHUDWHG E\ WKH VHOIDGDSWLYH KS)(0 DOJRULWKP IRU WKH WKURXJK
FDVLQJUHVLVWLYLW\LQVWUXPHQWVSUREOHPDUHSUHVHQWHGLQ)LJXUH,QWKLVSDSHUZHGRQRWLQWURGXFHWKHGHWDLOVDERXW
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RQ SDQHO E LQ )LJXUH  :H WDNH WKDW VXEPHVK DV WKH VWDUWLQJ SRLQW IRU WKH 3HWUL QHW WR PRGHO DOO SRVVLEOH
UHILQHPHQWVWKDWFDQEHH[HFXWHGRYHUWKHHLJKWHOHPHQWV
7KH SURGXFWLRQV PRGHOOLQJ WKH SRVVLEOH KDGDSWDWLRQV DUH SUHVHQWHG LQ )LJXUH  3URGXFWLRQV %,+
%,9%,99PRGHOEUHDNLQJRI WKHPHVKHOHPHQW LQ WKUHH VSDWLDOGLUHFWLRQV UHVSHFWLYHO\$GGLWLRQDODQDORJRXV
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1H[W ZH FRQVWUXFW D 3HWUL QHW H[SUHVVLQJ DOO SRVVLEOH FRQILJXUDWLRQV RI WKH HLJKW ILQLWH HOHPHQW PHVK















SULP VLJQ DW WKH HQG RI D WUDQVLWLRQ QDPH LQGLFDWHV WKDW ILULQJ RI VXFK D WUDQVLWLRQ PRGHOV H[HFXWLRQ RI D
FRUUHVSRQGLQJJUDPPDUSURGXFWLRQLQVXEVHTXHQWLWHUDWLRQRIPHVKDGDSWDWLRQ

















1XPHULFDO VLPXODWLRQ UHVXOWVDUHGLVSOD\HG LQ)LJXUHVDQG IRUDYHUWLFDOZHOO DGHJUHHGHYLDWHG
ZHOO DQG D GHJUHH GHYLDWHGZHOO UHVSHFWLYHO\ 7KHVH SORWV GLVSOD\ WKH VHFRQG YHUWLFDO GLIIHUHQFH RI SRWHQWLDO




)LUVW PHDVXUHPHQWV DUH VHQVLWLYH WR WKH IRXU GLIIHUHQW OD\HUV H[LVWLQJ LQ WKH IRUPDWLRQ VHH )LJ  6HFRQG
PHDVXUHPHQWVDUHQRWVHQVLWLYHWRGLIIHUHQWHOHFWURGHFRQILJXUDWLRQVZKHQZHFRQVLGHUDYHUWLFDOZHOO+RZHYHUIRU
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:H KDYH GHVFULEHG D 3HWUL QHW PRGHO LQWHQGHG WR SUHYHQW D GHDGORFN SUREOHP GXULQJ 'PHVK UHILQHPHQWV
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